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Many researchers have studied most of such systems from a physico-chemical point of view in order to elucidate the complex reaction mechanisms and to develop theoretical models accounting for the experimental results. [2] [3] [4] [5] [6] Zhabotinskii obtained a linear correlation between the reactant concentration and the period of the B-Z reaction, and proposed the use of this phenomenon for chemical analysis. 7 The B-Z reaction has been of interest to a few analytical chemists who have designed kinetic methods of analysis based on the reaction. The first paper concerning the use of regular chemical oscillations for the determination of trace amount of ruthenium(III) ions was published in 1978. 8 Since then, studies on the possibility of analytical applications of the B-Z reaction have been performed. [9] [10] [11] [12] Tyson et al. determined Hg(II) and Tl(I) in a double-line flow-injection manifold including a 30 µL flow cell and UV-VIS spectrophotometer. 13 Several other researchers have improved on the idea by adding different catalysts or inhibitors to the reaction for the determination of Fe(CN)6 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 15 and Mn(II). 16 Recently, oscillating systems involving no halogen compound (particulary the CuSO4-catalyzed reaction of hydrogen peroxide with thiocyanate ion) have aroused increasing attention. 17 The Pérez-Bendito research group used this system for the determinations of glutathione, 18 vanillin, paracetamol and ascorbic acid, 19 gallic acid and resorcinol. 20 The determination of silver ion is very important because silver is a metal with commercial importance and is used in constructing high-strength and corrosion-resistant alloys, jewellery, photographic films, etc. Although the quantity of silver in different media can be measured by various analytical methods, such as inductively coupled plasma atomic emission spectrometry, 21 electrothermal atomic absorption spectrometry, 22 spectrophtometric methods 23 and electrochemical methods, 24 but there is no published article related to the application of chemical oscillating systems for the determination of silver, whereas Noszticzius has reported on the role of Ag + in the B-Z reaction. 25 In the present work, the effect of silver ion was investigated concerning the oscillating properties of the B-Z oscillating system containing BrO3 -, malonic acid, H2SO4 and Ce(IV) as matrix for the determination of silver ion. For this purpose, the influences of different variables on the Ag + perturbation were optimized in the B-Z oscillating system.
The influences of some potentially interference were also studied.
Experimental

Reagents
All reagents were analytical grade (Fluka) without further purification. All stock solutions of KBrO3, malonic acid, KBr, H2SO4, Ce(IV) salt and Ag(I) were separately prepared in doubly distilled water.
Apparatus
The experimental set-up used to implement the oscillating reaction consisted of a glass reaction vessel furnished with a thermostated jacket connected to a "polystat CC1" thermostat (Huber Co.) and a magnetic stirrer (Jank & Kunkel). An "IonAnalyzer 250" (Corning Co.) coupled to a PC was used to record the potential changes. A platinum electrode monitored the oscillation reaction and the reference electrode was an Ag | AgCl | KCl (3 M) double-junction electrode (Metrohm). To avoid the interference of chloride ion, the outer vessel of reference electrode was filled with KNO3 0.5 M.
Procedure
A water-jacketed glass vessel was loaded with 3 ml of 0.35 M KBrO3, 3 ml of 0.6 M malonic acid, 3.0 ml of 0.125 M potassium bromide and 3 ml of 6 × 10 -3 M Ce(IV). After the solution had reached thermal equilibrium (25˚C ± 0.1), the electrodes were inserted into the solution, which was stirred continuously and steadily. Then, the last species, 3.0 ml of 7.5 M H2SO4, was added into the system. The total volume of the reaction mixture was always 15 ml.
Based on the Field, Körös and Noyes (FKN) mechanism, two species are oscillating, Br -and Ce(IV).
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One of the cycles in this reaction is as follows:
which causes a variation of the medium potential. This variation in the concentration and potential appeared as an oscillating system that could be followed with a Pt electrode using the potentiometry method. On the other hand, the potential due to a redox couple (Ce(IV)/Ce(III)) could be measured on the Pt electrode versus a reference electrode. Therefore, the oscillations were potentiometrically recorded upon adding a H2SO4 solution. After the system had reached a steady state, its oscillating was perturbed by injecting a sample including 0.1 ml of an Ag + solution with different concentrations. The oscillation amplitude variations, following perturbation, were used as an analytical signal, which was studied and used for constructing a calibration plot. For this purpose, we measured the difference between the first oscillation amplitude after analyte injection (A) and the latest oscillation amplitude before injection (A˚), and then chose it as an analytical signal, as follows: Figure 1 shows a typical obtained oscillation profiles for the proposed oscillating chemical system in both the absence and presence of an Ag + perturbation under the above-described experimental conditions.
Results and Discussion
Effect of variables on the oscillation perturbation
The effects of different variables on the oscillating reaction
were studied in order to establish the optimum working conditions for the determination of interesting species. In order to ensure the maximum sensitivity and precision of the determination, the influence of selected experimental variables in both the presence and absence of an analyte was investigated using the one at a time method. Malonic acid concentration. The effect of the malonic acid (MA) concentration was studied over the range from 0.05 M to 0.25 M. Both the oscillation amplitude and the frequency were increased while increasing the malonic acid concentration. As can be seen from Fig. 2a , there was an optimum concentration (0.12 M), at which the system responded better to the analyte perturbation. KBr concentration. Based on the FKN mechanism, Br -is an intermediate, that plays an important role in a feedback mechanism and oscillations, and both appears and disappears during the reaction. 1 The addition of Br -as a reactant to start the reaction is not necessary, but its concentration decreases at the induction period and then the experiment time. As can be seen in Fig. 2b , the effect of the Br -concentration on the analyte perturbation was studied over the range of 0.01 M to 0.05 M. The Br -concentration had no effect on the amplitude of the resulting oscillations, but decreased the frequency of the oscillation. However, a 0.025 M Br -concentration was chosen as the optimum value. concentration on the analyte perturbation was studied in the same range. The maximum sensitivity obtained was at a concentration of 0.07 M (Fig. 2c) . H2SO4 concentration. Based on the overall B-Z reaction and the FKN mechanism, the reaction takes place in a strongly acidic medium. Therefore, the oscillating properties and sensitivity were investigated in the range of 1.00 M to 2.50 M H2SO4 concentration; 1.50 M H2SO4 was obtained as the optimum concentration (Fig. 2d) .
Ce(IV) concentration.
A metallic ion catalyzes the B-Z reaction. In this work, Ce(IV) was used as a catalytic compound for the B-Z system. Then, the Ce(IV) concentration should be optimized. It was studied in the range of 7.0 × 10 -4 M to 2.0 × 10 -3 M concentrations of Ce(IV) on the oscillating amplitude; 1.2 × 10 -3 M was chosen as the optimum concentration of Ce(IV) (Fig. 2e) .
Determination of silver
The oscillating system was perturbed with various concentration of Ag + under the above-described optimum conditions. When Ag + was added to the B-Z system, the amplitude of the oscillation was decreased, but there was no effect on the oscillation period (Fig. 1) . Several repeated experiments indicated that there is a good linear relationship between the variations of the oscillation amplitude (∆A) and [Ag + ] in the range of 9.42 × 10 -6 M to 2.54 × 10 -4 M, with a correlation coefficient of 0.999 (Fig. 3) .
The calibration data obey the following linear-regression equation:
∆A ( (Table 1) .
Interferences
We investigated the effect of more than 17 foreign ions, which may exist along with Ag + in real samples, for their possible influence on the determination of Ag + under the abovedescribed optimum condition. According to the data given in Table 2 , have an effect on the determination of Ag + in this method.
As described above, kinetic methods of analysis, especially chemical reactions, are currently regarded as being highly effective tools in analytical chemistry. Thus, we attempted to determine [Ag + ] using its perturbation effect on the classic B-Z reaction, because of its possible effect on the BrO3 -ion in an oscillating reaction.
As expected, the injection of an Ag + solution changed the oscillating amplitude. These variations had a linear relationship with [Ag + ] in the range of 9.42 × 10 -6 M to 2.54 × 10 -4 M. The LOD (2σ) and RSD were obtained as 8.85 × 10 -6 M and 5%, respectively. Finally, the greatest advantage of this method is its simplicity in technique and instrumental set-up. 
